Long-chain adducts of trans-4-hydroxy-2-nonenal to DNA bases cause recombination, base substitutions and frameshift mutations in M13 phage.
Oxidative stress enhances lipid peroxidation (LPO) implicated in the promotion and progression of carcinogenesis. One of the major LPO products is trans-4-hydroxy-2-nonenal (HNE), which was shown to react with guanosine and under peroxidizing conditions also with adenosine. We show here that all four DNA bases are targets for HNE, although displaying different reactivity: dG > dC > dA approximately equal to dT. HPLC and mass spectrometry analyses of HNE reactions with deoxynucleosides showed in each case the formation of several products, with mass peaks corresponding to HNE-dN adducts at a 1:1 and also 2:1 and 3:1 ratios. In the dA, dC and dG reactions, mass peaks corresponding to heptyl-substituted etheno-adducts were also detected, indicating HNE oxidation to its epoxide by air oxygen. In DNA pretreated with HNE, DNA synthesis by T7 DNA polymerase was stopped in a sequence-dependent manner at G > or = C > A and T sites. HNE increased the mutation rates in the lac Z gene of M13 phage transfected into wild type Escherichia coli. The most frequent event was the recombination between lacZ gene sequences in M13 and the E. coli F' factor DNA. Base substitutions and frameshifts were also observed in approximately similar numbers. Over 50% of base substitutions were the C-->T transitions, followed by the G-->C and A-->C transversions. In the E. coli recA strain recombination was not observed, although one mutational G-->T hot-spot appeared within the DNA fragment undergoing recombination in the wild type E. coli. We conclude that long chain HNE adducts to DNA bases arrest DNA synthesis and cause recombination, base substitutions and frameshift mutations in ssDNA.